Background: Askin tumor is a primitive neuroectodermal tumor of the Ewing sarcoma family arising from soft tissues of the chest wall. It is the commonest chest wall malignancy in children and adolescents. Its diagnosis is complex and management requires a multidisciplinary work including chemotherapy for systemic disease and radiation therapy to assist local control which is achieved through surgery with or without reconstruction. Objective: To analyze report and understand the clinicopathological features, results and outcome of this tumor with assessment of early and late postoperative complications following resection and chest wall reconstruction. Materials and Methods: This is a retrospective analysis of 30 cases with chest wall ES/PNET presented to the National Cancer Institute; Cairo University between January 2011 and December 2015. All patients' records were revised for age, sex, clinical presentation, imaging, pathology, operative notes, different treatment modalities given, early and late postoperative complications following surgical resection or reconstruction, and outcome including overall survival (OS) and disease free survival (DFS). Results: Our cohort included 30 patients with chest wall ES. The median follow up period (n = 30) was 33.7 months (ranging from 3.7 to 69.3 months). The median OS was 54.2 months with cumulative OS at 60 months which was 45.6%. The median DFS was 27.9 months with cumulative DFS at 60 months which was 40.6%. All cases were below 18 years with a male predominance (n = 19). The commonest affected sites were ribs (n = 22, 73.3%), the scapula (n = 5, 16.6%), the clavicle (n = 2, 6.66%) and the sternum (n = 1, 3.33%). 23 patients (76.6%) were presented with localized disease, and 7 patients (23.4%) were metastatic from the start. All patients received neoadjuvant chemotherapy (4 cycles of VAC/IE) followed by local control: either surgery (26 cases, 86.6%) or radical radiotherapy (3 cases, 10%). A single case of a rib ES with initial bilateral lung deposited where no local control was done. After chest wall resection, closure of the defect was done by 1 ry closure with no reconstruction or double layer prolene mesh and bone cement that was covered by pedicled flap (latissimus dorsi, serratus anterior or pectoralis major muscle flap). Postoperative radiation therapy was given to 9 patients: 4 (13.3%) had postopera-A. El S. Fathalla, B. El D. Ahmed 217 tive poor chemotherapy effect (<90% tumor necrosis), 3 (10%) had +ve microscopic safety margin and 2 (6.6%) had pleural based nodules with malignant pleural effusion at initial presentation. Conclusion: Askin's tumor shows a dramatic response to polychemotherapy. Treatment of such tumor should include multidisciplinary working groups for optimum results and better survival.
Introduction
ES/PNET is the most common primary flat bone tumor. It is the 2nd most common malignant bone tumor in children and adolescents after osteosarcoma and the 3rd commonest malignant chest wall tumor (10%). 15% of these ES arise in the chest wall and are named Askin's tumor [1] [2] .
It was first described by James Ewing in 1921 after observing radiosensitivity in a subgroup of bone tumors. In 1979 Askin et al. described a unique clinicopathologic entity characterized as a malignant small cell tumor of the thoracopulmonary region in 20 children and adolescents [3] .
These tumors affect males 1.5 times the females and appear to originate in the soft tissues of the chest wall or the peripheral lung. This ES family of tumors includes the classical bony ES, extraskeletal ES, Askin's tumor (ES of the thoracopulmonary region), and peripheral primitive neuroectodermal tumor (PNET) [3] [4] .
ES family arises from cells of the primitive neural crest and all contain the same reciprocal translocation t (11, 22) . They show a variable degree of neuroectodermal differentiation. The term Ewing sarcoma is used for tumors lacking the evidence of neuroectodermal differentiation assessed by light microscopy, immunohistochemistry, and electron-microscopy, whereas, the term PNET is used for those that demonstrate neuroectodermal features [3] - [5] .
Askin tumors are often very large at the time of diagnosis. Pain is commonest manifestation as a result of the mass effect and is usually of several months duration. Additional symptomatology includes progressive shortness of breath, dyspnea, fever, night sweats, and weight loss [5] [6] .
They are treated based on their clinical presentation (local disease or distant deposits) rather than the histologic subtype. Multimodality therapy has improved the survival results, and a long-term survival is frequently achieved after complete chest wall resection which may be facilitated by neoadjuvant chemotherapy. Whether adjuvant radiotherapy is beneficial remains unclear as long-term survival could be obtained without radiation therapy and consideration of radiation therapy should be made on a case-by-case basis. Initial treatment usually involves multidrug chemotherapy, as most tumors respond to this modality followed by surgical resection [7] .
When the tumor arises from a rib, it is not fully clear whether resection of the rib with a wide tumor-free margin alone is adequate or resection of at least three complete ribs. Postoperative radiotherapy is used mainly in the situation when there is inadequate surgical resection margin; however, a major complication following radiation is the development of another tumor or cardiac and pulmonary injury. Unresectable tumors are treated mainly with chemotherapy followed by radiotherapy [7] [8] .
Recurrence occurs in approximately 20% of patients and about 25% of patients are metastatic at presentation. The most important predictive factor for local recurrence is the response to chemotherapy. The 5-year survival for localized disease approaches 100% and is 30% for metastatic disease [8] .
This study aims to analyze, to report and to understand the clinicopathological features, results and outcome of management with assessment of early and late postoperative complications following resection and chest wall reconstruction.
Materials and Methods
This is a retrospective analysis including all cases with chest wall ES/PNET presented to the National Cancer Institute, Cairo University between January 2011 and December 2015. Chest wall ES tumors include tumors that arise from the ribs, sternum, clavicle and the scapula. A total number of 30 cases were identified from the surgical pathology files and clinical information was obtained through reviewing of the medical reports. Each pa-tient record was revised for age, sex, clinical presentation, imaging, pathology, operative notes, different treatment options given, early and late postoperative complications after resection or reconstruction, and outcome analysis including OS and DFS. Treatment failure patterns were classified into local recurrence and distant metastasis. Ethical clearance for the conduction of this study was obtained from our institute ethical committee.
Statistical analysis
Overall survival (OS) was calculated as the time between date of diagnosis and date of death or last follow up for those alive till the end of the study. Disease free survival (DFS) was calculated as the time between date of surgery (cure) and date of relapse or death or last follow up for those alive free till the end of the study.
Data was analyzed using IBM SPSS advanced statistics version 22 (SPSS Inc., Chicago, IL). Follow up time was expressed as median and range. Qualitative data were expressed as frequency and percentage. Survival analysis was done using Kaplan-Meier method and presented as median survival with its 95% confidence interval (CI) and the cumulative survival at 36 months and 60 months. Event of OS survival was death & for DFS was relapse/death.
Results
Male predominance was found (n = 19%) compared to females (n = 11). The affected sites were ribs (n = 22, 73.3%), the scapula (n = 5, 16.6%), the clavicle (n = 2, 6.66%) and the sternum (n = 1, 3.33%). All our cases were below 18 years at presentation.
23 patients (76.6%) presented with localized disease with no evidence of distant disease and 7 patients (23.4%) were metastatic from the start (6 cases with a 1 ry rib lesion and 1 case with 1 ry sternal lesion). The main sites of metastases were bone marrow infiltration (4 cases), malignant pleural based nodules with malignant effusion (2 cases) and one case initially presented with bilateral pulmonary metastases.
All our patients received neoadjuvant chemotherapy in the form 4 cycles of vincristine, adriamycin, cyclophosphamide (VAC)/iphosphamide, etoposide (IE) with a 3 weeks interval between each cycle followed by local control either by surgical resection or radical dose of radiotherapy, except a single case of a rib ES which initially presented with bilateral pulmonary metastases where no local control was done. 26 cases (86.6%) underwent local control by surgical resection and 3 cases (10%) of scapular ES achieved local control by radical dose of radiation therapy (Figure 1, Figure 2) . 26 cases underwent surgical resection. The extent of resection in this study was shown in (Table 1 ) and (Figure 3) .
After performing chest wall resection, there were different methods used for closure of the defect as shown in Table 2 .
Postoperative radiation therapy was given to 9 patients, 4 of them (13.3%) had evident postoperative poor chemotherapy effect (<90% tumor necrosis), 3 (10%) had +ve microscopic surgical margin and 2 cases (6.6%) had pleural based nodules with malignant pleural effusion at initial presentation. There was one case of rib Ewing's sarcoma that didn't have local control as it was presented by bilateral pulmonary deposits at the time of diagnosis. There were also 3 cases of scapular ES that underwent local control by radical dose of radiotherapy in a dose of 5600:5800 CGY.
The median follow up period for the PENT patients (n = 30) was 33.7 months (range: 3.7 -69.3 months). The median overall survival (OS) was 54.2 months with cumulative OS at 36 and 60 months of 60.7% and 45.6% respectively. The median disease free survival (DFS) was 27.9 months with cumulative DFS at 36 and 60 months of 48.7% and 40.6% (Figure 4) .
Discussion
Many theories have evolved regarding the origin of ES family of tumors, the two theories with the most support suggest that these tumors arise from a primitive cell derived either from an embryologic tissue (the neural crest), or from resident cells in the body (mesenchymal stem cells). 90% of Askin tumor cases occur between the ages of 5 and 25 years. Males are affected 1.5 times with poorer survival than females with the white race 10 times more affected than the blacks. All our cases were below 16 years with males affected 1.7 times [8] [9] .
Patients usually present with chest wall mass, cough, chest pain that is usually vague and diffuse due to periosteal or neural invasion, respiratory distress from massive malignant effusion or less commonly from extensive intra thoracic involvement, fever (remittent, low grade), anemia, leucocytosis, eosinophilia and increased ESR, night sweat and weight loss. The most common clinical features in this study were palpable chest wall mass and frequent chest pain on the ipsilateral tumor site [10] .
Radiographic appearance of ES in the thorax is quite variable and the lesion may be primarily lytic, sclerotic or mixture of both. A universe feature of the disease is the presence of a large soft tissue mass relatively larger than the extent of bone changes. Sometimes the only apparent change in a radiograph is the presence of a mass, cortical erosion, or periosteal reaction being hardly visible. In this work, the radiologic modality of choice was Figure 4 . OS and DFS curves (P value < 0.05 was considered significant).
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CT scanning of the chest wall (Figures 1-3) ; it was helpful for identifying cortical breakthrough, determining the extent of extra osseous tumor extension, and evaluating primary extra osseous tumors. CT scan was also helpful in detecting pulmonary metastases, and was superior to PET scan (spiral CT scanning) for detecting pulmonary metastases. Tissue biopsy is the corner stone of diagnosis, both in our study and the literature. A controversy still exists regarding the radiologic modality of choice whether it is CT scanning or MRI. MRI may be helpful for paraspinal lesions; delineating relations to critical structures, helpful to monitor the response to neoadjuvant CTH and for follow up after tumor resection [11] . The standard therapy for chest wall ES/PNET is neoadjuvant chemotherapy followed by local control with surgical resection with or without radiotherapy. Two standard regimens of chemotherapy are used; the 3 drug regimen (Cyclophosphamide, Actinomycin-D and Vincristine) and the 5 drug regimen (Vincristine, Doxorubicin, Cyclophosphamide, Ifosfamide and Etoposide). Actinomycin-D is no longer used in the United States but continues to be used in the Euro-Ewing studies and is replaced instead by Doxorubicin. Patients receiving 5 drug therapy had improved survival compared to those receiving 3 drug therapy (overall survival 72% vs. 61%, P = 0.01). In this work all our patients received the 5 drug regimen with median overall survival (OS) of 54.2 months and cumulative OS at 36 and 60 months of 60.7% and 45.6% respectively. The 5 drug therapy in our study included 4 cycles with 3 weeks interval between each cycle before local control where All our patients received chemotherapy first with delayed surgery [12] [13] .
Local control in our study was achieved by surgical resection with postoperative radiation therapy given in cases with +ve microscopic margin, initial malignant pleural effusion, pleural based nodules and poor CTH effect (less than 90% tumor necrosis). We obtained local control in this study following the neoadjuvant protocol even with resection of nearby structures [13] - [15] .
Chest wall reconstruction is needed only if there is resection of three ribs or more. The goals of the reconstruction are adequate stability, water and airtight closure of the chest cavity, and acceptable cosmetic appearance. In our study, chest wall reconstruction was done by the use of double layer prolene mesh with or without bone cement that is covered either by rotational pedicled muscle flap (latissimus dorsi or serratus anterior) or covered by the local muscle flap (pectoralis major) [14] [15] .
Postoperative complications include unintentional lung collapse (pneumothorax), nerve damage, fracture along the rib in other locations, perforation of the diaphragm, wound infection that occurs in about 10% -15% of cases, and pneumonia. In our study, the main complication was atelectases which occurred in all our patients and resolved always after 48 hours of surgery. There was no early or late infection related to the use prolene mesh used. 2 cases with rib resection after reconstruction of the chest wall by prolene mesh and local muscle flap suffered laxation of the mesh and some flail chest which required redo operation with tightening of the original mesh only [14] [15] .
Rehabilitation and physical therapy after rib resection is mandatory to decrease pain, prevent respiratory complications and restore function. All our patients were encouraged to start physical starting from the first day postoperatively for those who can use the spirometer (above the age of 5 in our study). For those below this age physical therapy was done mainly by allowing child movement freely and light regular percussion on the back [15] .
Adjuvant radiation therapy is indicated in poor CTH effect (less than 90% tumor necrosis), positive microscopic surgical margin, initial malignant pleural effusion and/or malignant based pleural nodules. Radiation therapy is better avoided in children because of its potential complications especially, chronic swelling, skin complications, pulmonary fibrosis, increased risk of doxorubicin induced cardiomyopathy and 2 ry malignancies later in life in less than 5% of cases. Those patients who received 60 Gy or more had an incidence of 2 nd malignancy of 20%. In our study 3 patients received radiotherapy for microscopic positive surgical margin, 4 patients for poor CTH effect and 2 patients for pleural based nodules at initial presentation and initial malignant pleural effusion [16] .
Conclusion
Chest wall ES/PNET mainly affects young age (<18 years). The commonest site of affection is the ribs. The majority of cases present with large sized chest wall mass; thus neoadjuvant chemotherapy offers the opportunity to downsize the tumor and allow resection with negative margins which avoid postoperative radiotherapy in good responders to chemotherapy. Resection resulting in large defects, reconstruction with prolene mesh cov-ered by muscle flap will provide effective coverage without significant complications.
